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Abstract 
 
When the human mind searches concept space for solutions to a given condition we have a 
choice between conventional and creative thinking. But what are the probabilities of 
improving a given situation using creative thinking compared with conventional thinking? To 
make this quantitative comparison we utilize the metaphor of an adaptive fitness landscape 
and simple statistical techniques. We show mathematically how the inclusion of creativity in 
a search can dramatically increase the chances of finding appropriate solutions. We also 
recognize that creative behaviour is most successful when the environment is unstable and 
note the existence of a tuning parameter that allows self-adaptation of creative output. We 
support our claims with examples from nature. By investigating the effects of a feedback loop 
between the receiver of creative output and this strategic meta-parameter we can rationalize 
many intuitions we possess about creativity promoters and inhibitors. Our investigations also 
enable us to understand the processes, conditions and phenomena surrounding creativity 
such as mistakes, madness and serendipity and may also allow us to incorporate creativity 
into artificial computer models. We speculate that creativity is an emerging property of any 
complex system and as such ubiquitous in nature. 
 
Introduction 
In the past human's most valued ability has been intelligence – the capacity to learn and 
to use knowledge. Creativity - the ability to produce new knowledge, will become our 
most cherished trait in the new millennium. The ability to deal with new complex 
problems in a fast changing world will be at a premium. When the human mind searches 
concept space for solutions to a given condition we have a choice between conventional 
and creative thinking. It is intuitively understood that conventional thinking is concerned 
with slight local adjustments in an attempt to find improvements, and out-of-the-box 
thinking or lateral thinking involves large steps away from the ordinary and deeper into 
the global area of concept space. But what are the probabilities of actually improving a 
given situation utilising either local or global search? To answer this question we draw 
upon Donald Campbell's model of blind-variation and selective-retention (1960) and the 
metaphor of an adaptive fitness landscape, first introduced by Sewall Wright (1932). We 
then calculate those probabilities via simple statistical techniques. Our investigations 
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reveal the existence of a tuning parameter that can be operated via a feedback loop. 
Some behavioural examples demonstrate how the tuning of this creativity meta-
parameter is realised in nature. Finally we show how other concepts often linked with 
creativity such as mistakes, serendipity and madness can be incorporated into this 
framework. 
 
Blind-Variation and Selective-Retention 
Donald Campbell published his model for creative thought processes called blind-
variation and selective-retention in 1960. The model has been re-discovered and 
discussed in detail by various authors (Cziko 1995, 1998; Perkins 1998; Sternberg 1998) 
and also enjoyed very recent publicity (Simonton 1999). It is based on an extension of 
Darwinian selection to thought processes operating in the mind. Campbell argues that 
the creative process can be understood in Darwinian terms involving the familiar three 
conditions of natural selection (we compare biological and mental processes in braces): 
A process that generates variation (genetic combinations - diverse ideational variants), a 
process for selection (natural or sexual selection - cognitive or cultural selection) and a 
process for retention (biological inheritance - memory and communication system). 
Campbell claims that the variational process may become completely blind when the 
mind does not have any a priory knowledge which variation will prove most effective. 
This blindness however may not be confused with complete randomness. Like a blind 
person can be guided to an object by auditory signals in an unfamiliar environment, 
variation can also be guided by means of a feedback loop as we will see later. According 
to Campbell, the unconscious mind is blindly fitting ideas together in order to solve a 
posed problem. It will then pre-select any "elegant" solutions for closer evaluation and 
final retention by bringing them to our conscious awareness. 
 
Adaptive Fitness Landscape 
The metaphor of an adaptive fitness landscape has been introduced by Sewall Wright in 
the context of evolutionary biology in 1932. Depending on the discipline using this 
metaphor we find alternative terms for the same entity including Klondike space, error 
surface and energy landscape. According to Wright the individual characteristics or 
traits of an organism can be viewed as the manifestation of a point in a multi-
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dimensional coordinate system. Each axis of this system corresponds to a particular trait 
influencing the fitness, or chance for survival, of the carrier. Due to shared environments 
organisms can influence one another to the extend of being each others prey and 
predator. The fitness landscape of an individual organism will so undergo dynamic 
changes caused by adaptations of other members of the shared environment. The aim of 
any occupant of this landscape is to reach the highest point since height is equated with 
fitness. Fitness for survival in the strict Darwinian sense and fitness of concepts for a 
purpose in the mental world. In the following we find it convenient to use the term 
concept landscape to describe a fitness landscape in which the biological traits are 
replaced with concepts in mental space. Various methods can now be used to change the 
position on this landscape in order to move to a higher point. We will not concern 
ourselves here with the mechanisms of change, we will rather calculate the probabilities 
of achieving higher fitness due to small and large changes which will lead us to some 
surprising findings. 
 
Probabilities 
Fisher already calculated the probability for improvement of a biological trait in 1930. 
He showed that it can be at most 0.5 (50%) if the step size is infinitely small. 
Corresponding improvements will of course also be infinitely small only. When 
positioned at the flank of a peak small random changes in trait cause the carrier to either 
go downhill to one side or uphill to the other side half the time. If the step size is larger 
(e.g. due to an extensive mutation) the peak of the hill can be surpassed by the step and 
lead to lower fitness on the opposite side. Fisher and others following his footprints 
(Kimura 1983, p135 and Orr and Coyne 1992) calculated that the probability of 
increasing the fitness quickly reduces from 0.5 to zero with an increase in step size. But 
since the detailed structure of the underlying landscape is rarely known a priory, the 
possibility that other peaks are present can never be excluded with certainty, a fact that 
seems to have been overlooked. In the following we will repeat those calculations by 
considering the peaks in the global landscape as well. We apply our results to creativity 
but they are equally applicable to other disciplines using this metaphor such as 
evolutionary biology. 
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Creativity and its Optimization 
The combination of the above notions leads us to a useful application in creativity. If we 
combine the considerations of Campbell and Wright we can imagine an adaptive concept 
landscape formed by mental concepts. A certain mixture of concepts may form a peak 
flagging a high value of this particular combination's ability to provide a solution to a 
problem posed. We can now explore our mental concept landscape in order to find the 
highest peak or at least a place on a flank of a peak that is of higher fitness than the 
present position. For this to occur we have to take jumps of a certain size from our 
present position to other positions in concept space. Many of those jumps will be 
performed randomly in our unconscious mind where their sizes are taken from a normal 
distribution. This normal distribution will be governed by a standard deviation that has 
been influenced by our upbringing, education, present emotions and other experiences. If 
it is small we will only be able to exploit our local hill, and the probability of improving 
our current situation by a very small amount is 0.5 according to Fisher as we have seen 
earlier. If we however use a somewhat larger standard deviation, we are able to also 
discover the peaks surrounding us by means of larger steps (cf. Figure 1). Using 
numerical simulations we have mathematically proven that this probability can be 
significantly higher than 0.5 and can reach 1 in some circumstances (cf. Figure 2). 
If the search process is guided by a feedback system that can alter the standard deviation 
used during the generation of unconscious ideas, it will be able to find the optimum 
setting for the standard deviation that maximises the probability of finding a point of 
higher fitness. The novel result of our research is that we can not only determine the 
probability for improvement but also calculate this optimum mathematically. 
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Figure 1 - Calculation of the probability of increasing the current fitness F from present position on 
a concept landscape (bottom) using random step sizes chosen from a normal distribution (above). 
The probabilities P correspond to the shaded areas under the curve. Lateral Thinking is equivalent 
to using large step sizes resulting in the discovery of the global peak. 
 
 
Figure 2 - How the standard deviation (SD) influences the total probability Ptotal for fitness increase 
(Ptotal=Plocal+Pglobal). The concept landscape (CL) is included for reference (far end). The surface plot 
is created by calculating the probabilities at each X position on the CL using a SD ranging from 0.1 
to 2.0. An optimum SD of 0.3 is evident for the CL valley and probabilities exceed 0.5 there. 
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Examples from Nature 
In an attempt to find evidence for our reasoning we turn to the natural world. Can we 
find examples for the optimisation of behaviour that is caused by random variations and 
selective retention? We discover that the foraging behaviour of animals shows those 
signs. 
Deneubourg (1983) noticed what he termed an error during communication of the 
location of a food source in ants. Some ants would not follow the instructions given to 
them by other ants to help exploit a known source and wander away instead. Those ants 
where however free to discover new sources and Deneubourg showed via computer 
simulations that this behaviour actually maximises the total intake of scattered food for 
the colony over time. The standard deviation of this communication error can evolve to 
an optimum value that matches the distribution of food normally encountered by 
particular species of ants. 
Seeley et al. (1991) observed a similarly tuned probabilistic behaviour in bees. Bees are 
reporting the location of a patch of flowers via a wiggle dance. The standard deviation 
from the true direction to the location of a newly discovered patch encourages other bees 
to explore the limits of this patch. 
Smith (1974) describes a change in behaviour during food searching for a particular bird 
species that quickly adapts to the food distribution present. When the food is parcelled 
the bird uses small jumps and abrupt changes in angle, if the food is dispersed the bird 
takes large jumps and small changes in direction to locate new prey. The particular 
behaviour depends on the initial distribution of prey encountered and is chosen 
immediately after only a few samples where taken. Here the standard deviation of 
random hop-lengths and angles-of-next-hop is intellectively tuned to food distribution 
encountered.  
Animals have adapted to the spatial distribution of food in their environment by altering 
their search strategies. The adaptation can be either genetically fixed (ants) or flexibly 
adjusted to food distribution encountered (bees, birds). Other examples can be found in 
genetics where the presence of genetic codes for both, repair enzymes and mutation 
factors present in the DNA, provide antagonistic effects over the DNA's own mutation 
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probability (i.e. large jumps into global gene space) and a self-adaptation of strategic 
meta-parameters (Gottschalk 1989). 
Allen and McGlade (1986) report on different hunting strategies observed in humans 
(fishermen). They refer to the types of searches, which we call local and global, as 
exploration and discovery. They liken discovery to invention and creation and stress the 
importance of the fact that they can be achieved through non-rational behaviour, as in 
his examples of fishing strategies. Here a deviation of behaviour is spread over a number 
of individuals in a population. He identifies two types of fishermen, high risk-taking 
"hunters" and low risk-taking "followers". He generalizes that a balance of both 
strategies maximizes the efficiency of the whole population and proposes that a society 
should encompass both, in the form of freedom for discovery and preservation of 
traditional, successful strategies. The approach introduced here shows that an optimised 
standard deviation for the magnitude of random steps in any given environment can 
provide this balance. 
 
Creativity Promoters and Inhibitors 
By investigating the effects of the feedback system between the environment receiving 
the creative output and the originator, we can rationalise many intuitions we possess 
about creativity promoters and inhibitors. Creativity inhibitors can be seen as the 
collection of all mechanisms that reduce the standard deviation via a feedback system in 
an attempt to restrict search to the local area where very small incremental 
improvements can be achieved with a 50% chance. Creativity promoters in contrast are 
all those mechanisms enlarging the standard deviation of random thought to effectively 
guide the originator to explore the remote areas of the mental concept landscape as well. 
The feedback can consist of verbal or visual communication such as instructions, rules, 
body language, social and cultural context or environmental stimuli to only mention a 
few. Such feedback can be given deliberately to promote a certain desired response or 
involuntarily. A conceivable situation for putting creativity inhibitors in place might be 
when risk-taking behaviour is to be avoided or after a creative thought has led to the 
discovery of a global peak. This peak now needs to be further explored to locate the 
exact position of the summit. Creativity promoters are useful in situations when one's 
own fitness peak is reduced in height due to activities of competitors in a shared 
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environment. Creativity inhibitors effectively force an upper limit of 50% to the 
probability of finding solutions. Those solutions are however mostly very small as 
Fisher (1930) pointed out and can be categorised as adjustments or fine-tuning 
operations without the flair of newness. 
 
Mistakes, Serendipity and Madness 
We can now understand why mistakes are a necessary by-product of creative behaviour. 
By increasing our standard deviation we will often find inferior ideas located in the 
valleys of our mental concept landscape below our current altitude. This must not 
necessarily be a disadvantage since we are concerned with mental manipulation of ideas. 
We have the freedom of rejecting fruitless thoughts even after they have been bought to 
the attention of conscious thoughts by our unconscious processes as Campbell (1960) 
suggested. Like the auditory feedback for the blind person, they provide us with valuable 
feedback that guides us to an optimum setting for the standard deviation of our blind 
unconscious thought processes.  
Another phenomenon surrounding creativity is serendipity. Serendipity in scientific 
discovery has been the subject of many discussions, for example (Bohm and Peat 1987, 
Roberts 1989 and Chumaceiro in Runco 1999). The history of the word is covered by 
Remer (1965). Serendipity is understood to be the accidental discovery of something not 
thought for (finding B when looking for A; the term pseudo-serendipity was suggested 
by Roberts (1989) for the accidental discovery of A when looking for A). Using our 
framework of peaks in a concept landscape we can illustrate this phenomenon with the 
accidental discovery of a peak that increases our fitness in a way not anticipated before.  
Individuals with a very large setting for their standard deviation (through drugs or by 
illness) can on the other hand appear to be mad (i.e. not conforming to the norm, outside 
the standard deviation from what is "normally" expected). This can be in terms of 
behaviour, appearance or output. Ludwig (1995) compared over 1,000 creative people 
and their individual upbringing and illnesses. This phenomenon has also found interest 
in popular literature (Redfield 1995). Here we will restrict our comments to the 
statement that the notions we developed in this article enable us to realize that the link 
between creativity and madness can be found in a very high standard deviation of blind 
variation in thoughts. 
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Conclusions 
We have combined the published work from researchers of several disciplines to 
formulise a mathematical interpretation of the creative search process. By equating local 
search with conventional thinking and global search with lateral thinking, we calculated 
the probabilities of success for each. Since large steps represent creativity, this method 
allows us to make quantitative statements about the success of employing creativity in 
our thinking process. We can show mathematically that creativity can increase our 
chances of finding an appropriate solution. We also recognise that creative behaviour is 
most successful when the environment is unstable and discover the existence of a tuning 
parameter with which creative output can be calibrated to match the rate of 
environmental change. We supported this claim with various behavioural examples. Our 
mathematical derivation demonstrates that local and global search each indeed improve 
the probability of finding success under different circumstances. Many natural processes 
are based on random variations, a selective mechanism for discriminating advantageous 
products and a feedback loop for guiding this blind but effective system. When the 
environment is unstable creativity must be the preferred mode of operation to improve 
results. This may be the reason for natural selection favouring this process under the 
right circumstances and its ubiquitous emergence in any complex system including its 
occurrence in humanity. 
 
References 
Allen, P. M., McGlade, J. M. (1986), Dynamics of discovery and exploitation: the case 
of the scotian shelf groundfish fisheries. Can. J. Fish. Aquat. Sci., 43, 1187-1200. 
Bohm, D., Peat, F. D. (1987), Science, Order and Creativity, Bantam Books. 
Campbell, D. T. (1960), Blind Variation and Selective Retention in Creative Thought as 
in other Knowledge Processes, Psychological Review, 67 (6), 380-400, 1960. 
Runco, M. A., Pritzker, S. R. (eds.) (1999), Encyclopaedia of Creativity (I-Z), Vol 2, 
Academic Press, 543-549. 
Cziko, G. A. (1998), From the Blind to the Creative: In Defence of Donald Campbell's 
Selectionist Theory of Human Creativity, The Journal of Creative Behavior, 32, 3, 
192-209. 
Cziko, G. A. (1995), Without Miracles: Universal Selection Theory and the Second 
Darwinian Revolution, MIT Press. 
Deneubourg, J. L. (1983), Probabilistic Behaviour in Ants: A Strategy of Errors?, J. 
theor. Biol., 105, 259-271. 
Alex Pudmenzky 2000 10 Creativity: A Mathematical Approach 
Fisher, R. A. (1930), The Genetical Theory of Natural Selection, Oxford University 
Press. 
Gottschalk, W. (1989), Allgemeine Genetic, 3rd edn., Georg Thieme Verlag, Stuttgart, 
269-271. 
Kimura, M. (1983), The neutral theory of molecular evolution, Cambridge University 
Press, Cambridge, UK. 
Ludwig, A. M. (1995), The Price of Greatness, Guilford Press. 
Orr, H. A., Coyne, J. A. (1992), The Genetics of Adaptation: A Reassessment, Am. Nat., 
140(5), 725-742. 
Perkins, D. N. (1998), In the Country of the Blind An Appreciation of Donald 
Campbell's Vision of Creative Thought, The Journal of Creative Behavior, 32, 3, 
177-191. 
Redfield J. K. (1995), Manic-Depressive Illness and Creativity, Scientific American, 
February, 47-51. 
Remer, T. G. (1965), Serendipity and the Three Princes, University of Oklahoma Press, 
1st ed. 
Roberts, R. M. (1989), Serendipity: Accidental Discoveries in Science, John Wiley & 
Sons Inc. 
Seeley, T. D., Camazine, S., Sneyd, J. (1991),  Collective decision-making in honey 
bees: how colonies choose among nectar sources, Behavioral Ecology and 
Sociobiology, Springer Verlag, 28, 277-290. 
Simonton, D. K. (1999a), Creativity as Blind Variation and Selective Retention: Is the 
Creative Process Darwinian?, Psychological Inquiry, 10 (4), 309-328. 
Simonton, D. K. (1999b), Origins of Genius, Oxford University Press. 
Smith, J. N. M. (1974),  The food searching behaviour of two european thrushes. II: The 
adaptiveness of the search patterns, Behaviour, Vol 49, 1-61. 
Sternberg, R. J. (1998), Cognitive Mechanisms in Human Creativity: Is Variation Blind 
or Sighted?, The Journal of Creative Behavior, 32, 3, 159-176. 
Wright, S. (1932), The roles of mutation, inbreeding, crossbreeding and selection in 
evolution, in: Proceedings of the sixth international congress of genetics, Ithaca, New 
York, Vol. 1, Jones, D. (ed), 356-366.  
 
